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Sequencing and phylogenetic analysis of the wsp gene of Wolbachia in 
three geographic populations of an oak gall wasp , Andricus mairei 
( Hymenoptera: Cynipidae) , from Hunan, South China 
YANG Xiao-Hui1 , ZHU Dao-Hong1' 2 ' *, UU Zhi-Wei3 , ZHAO Ling1 ( 1. Laboratory of Insect Behavior 
and Evolutionary Ecology, Central South University of Forestry and Technology, Changsha 410004, 
China; 2 . Laboratory of Zoology, Hunan First Normal University, Changsha 410205 , China; 3. 
Department of Biological Sciences, Eastern lllinois University, Charleston, Illinois 61920, USA) 
Abstract: To understand the effects of Wolbachia in Andricus mairei Kieffer , an oak gall wasp 
( Cynipini, Cynipidae) that forms clusters of up to 30 monothalamous galls in the catkins of Quercus 
glandulifera var. brevipetiolata Nakai, we examined the presence and infection frequency of Wolbachia in 
three widely separated geographic populations of A. mairei in Hunan Province, South China, using 
polymerase chain reaction and sequence determination of the wsp gene of Wolbachia from the three 
populations. Our survey results showed that Wolbachia infection rates were unusually high in the three test 
populations : 100% for the male wasps from all populations , while 100% , 100% and 80% for the 
Yueyang, Changsha and Shaoyang populations of the female wasps, respectively. The sequencing results 
showed that the gene from all the three populations is 561 bp in length. Comparison with the wsp gene 
sequences in A. mairei and Neuroterus macropterus , Biorhiza pallida , Andricus solitarius ( strain 1 ) and 
Synergus crassicornis revealed a 95% identity. The phylogenie relationship of Wolbachia strains in 
Cynipidae with the known wsp sequences indicated that the Wolbachia strain of A. mairei is closely related 
to that of N. macropterus , B. pallida, A. solitarius ( strain 1 ) , and S. crassicornis , and belongs to the A 
group. We also discovered strikingly male-biased sex ratios in all the test populations: females only 
accounted for 15.3%, 12. 1%, and 19. 8% of the Yueyang, Changsha, and Shaoyang populations , 
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respectively, indicating the extremely male-biased sex ratios. These results suggest that the symbiosis of 
Wolbachia with A. mairei does not induce parthenogenesis in A. mairei, which can not be properly 
explained and is worth further investigation. 
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~~ED'l~f* Wolbachia ~-~L2Al1'~7#J~];t 
~~•~m~~~~~~~~•.•~~msn 
( Proteobacteria ) ~ a .ill[ n ~ jJ_ _5'l iJ( ~ f* § 
( Rickettsiales) , ~ 1j!!: ~ ~ 19':1 tl: ~ lif ( W erren, 1997 ; 
Stouthamer et al., 1999; Weinbauer et al., 2004) 0 i;t< 
lif~~-~~~~~#~~~-~•.~m~ett 
~1*·~~--~~-~~~~~~~M~~ 
(Werren, 1997) 0 {EJ.::(:E-®~~#~9=', ifL:ff::(:EJj( 
f1~1-i:EJ\\~ ( Vavre et al., 1999) o Wolbachia fmxt 
~-~~~•-=p~?#J~~~m~~*fi~~.§~ 
i.J§-'@.m ~~~::f :* :ffi (cytoplasmic incompatibility)~ 
i.J§-'@.~-~M (parthenogenesis-inducing) ~ i.*-'@.e·ii 
{_.t(feminizing),&H4f•ji3f{JE( male-killing) ( 0' Neill et 
al., 1997; Werren, 1997; Ngi-Song et al., 1998) 0 
-~ Wolbachia ~~~#~fJ'titJm:i:'t 17% (Werren 
et al., 1995; West et al., 1998; Werren and Windsor, 
2000), -®~*~~ttYJi!~-~~~~#~J:i]' fg~Jt 
~%% ,~~.~~~~~~~~m~~*~• 
) ~ $ J:lt • jc ~ ~ ~ lif ( Jeyaprakash and Hoy, 
2000) o ::(:£ Jm ~ § 9=' , ~ll ~12: ~ f4 ( lchneumonidae ) 
( Leach et al. , 2004 ) ~ $: ~ f4 ( Braconidae) ( Rincon 
et al., 2006) ~ :$ Dlt~f4 ( Trichogrammatidae) ( # 4if,X 
:ffi iJt {tr. fJt , 2004 ) , 11£ Jj\ ~ f4 ( Pteromalidae ) 
( Stouthamer and Kazmer, 1994 ) ~ ~ Jj\ ~ f4 
( Aphelinidae) ( Lo Verde et al., 2008) , U>Jt Jj\ ~ f4 
(Encyrtidae) (Pijls et al., 1996), !l!JCf-J-(Formicidae) 
( Bouwma et al., 2006) ,& ~ !l!ff4 ( Apidae ) (Hoy et 
al., 2003) .~f¥ ~~~±5J;ff Wolbachia ~~~1!i 
~.ft~~*~-9='~-~$£~~~~~~~~ 
ff(Werren et al., 1995;)o ~!l!ff4~~-.~,f4 
( Cynipoidea) 9=' ~t!l'k·ii~f¥ , -~r~~if!Sfil:% 
$;~~. B~#~~ 1400 #, ~~U*~M~.W.f-4, 
~p Hodiernocynipinae ( :1:5] ~ ft :fi # ) :ffi ~ !l!f .ill?. f4 
( Cynipinae) ( ~:ff#:ffi~JJH-t:fi#), rm~~.W.f4 
§15-6 ~~(tribe), ~p Aylacini ~' Eschatocerin ~~ 
Diplolepidini ~ ~ Synergini ~ ~ Pediaspidili ~ ,& 
Cynipini ~( Liljeblad and Ronquist, 1998; Ronquist, 
1999a) 0 B iiE ~ Aylacini ~~ Diplolepidini ~~ 
Synergini ~,& Cynipini ~~if!S*#~;ff Wolb~hia 
~-~(Plantard et al., 1999; Abe and Miura, 2002; 
Rokas et al. , 2002; Zhu et al., 2007) o m~Jt.;ff ~ 
# ~ M ~ ~ , Aylacini ~ ~ Eschatocerini ~ ~ 
Diplolepidini ~:ffi Synergini ~~~*1'J~ft:~~-~ 
me arrhenotoky) ( *5t~ !1~:&.1f~ft:t·ii~f*), ::(:£ 
Aylacini ~:ffi Diplolepidini ~ l=j=IZJ)\;ff -®#~*1'1 
~ • DR • ~ m ( thelyotoky ) ; Pediaspidili ~ :ffi 
Cynipini ~ ~ ~ fJ .fflJ :AA 'li ~ ~. ~ M ( cyclical 
parthenogenesis) ( ~· ~711: tit{~ £I M 'li ~711: tit{~ 3( 
~:&..~), ifL;ff -®#~fi~Jitl~Jitl~M (Askew, 
1984; Liljeblad and Ronquist, 1998; Ronquist, 
1999b; Atkinson et al., 2002; Stone et al. , 2002) o 
·ili:~-®1iffJi:iiE~, Aylacini ~:ffi Diplolepidini ~ 
-®~Jl!1£~Jit!t~71f#~~~·~71f-SJ Wolbachia W 
tJJ;fltk ( Plantard et al., 1998, 1999) o :Xfr Cynipini 
~~~·~•~m, Abe ( 1986) ,& Stone • ( 2002) 
~~J:i]'fg~-SJ Wolbachia ~~~;fr*, ~ Wolbachia ~ 
•~.rm-'@.3&.mJMtt~Jl!1£~m9='Mtt~mtit~~• 
~ o ~ rm , £ ~ B :&. ~ Andricus mukaigawae ( Abe 
and Miura, 2002 ) :ffi ~ J! ~ Dryocosmus kuriphilus 
( Zhu et al., 2007). Cynipini ~~~;ff::(:E Wolbachia 
~~~ , ffl.1iffJi:~5f'::I:5J*a)j Wolbachia ~~~-SJm 
~~~-~-~Mx*o 
;.l: ~~~- Andricus mairei Kieffer • J!~.W.f4 
~~ ~ ( Cynipini), * ~ ~ m ;fp3@ ifffi Quercus 
glandulifera var. brevipetiolata Nakai , r lf *:f:E * ~ 
~;tt~_t%JV(;~~o Kieffer( 1906) f:&fl* m 9=' 00~ 
ffl~•tt!V(;~~*#~~~;.t:~m ~~-
Parandricus mairei Kieffer ( Dalla Torre and Kieffer, 
1910) o Melika :ffi Abrahamson (2002) ::(:EJ.m~~­
~~ • &lk*~at, ~~1~~~~· Parandricus 
Kieffer( 1906 ) fE. ~ ~ ~ ~. Andricus Hartig ( 1840 ) 
~~::ff ~ o ~~-· B ~ 300 ~# (Abe et al., 
2007), ::(:Eifffi.t!l~~JVfEJf;ff:H'§ I.%$;%;fJ\~ 
;fif ~ ~ ~ ( Stone and Cook , 1998 ; Melika and 
Abrahamson , 2002) o ;.l: ~ ~ ~ ~ £] • ili: ic :1£ ~ ::(:£ 
fFifffi Q. dentata Of _t% $; ~ ~ ~ 15' ~ ~ ~ ~ A. 




~ 0 ~u m Wolbachia 8"1 wsp ~ 12§ t~ * ~I !1m ' Ji :i:t 
KR~r*T~~IZ§~R.ru~T§B"J~IZ§~RB"J 
DNA !F::?tl, iiE~T~re~•·f;<$:pg Wolbachia 8"1~ 
!E. o Ji:ii !§ E. 9al* •r-4 ~ ~ flli ~ ~ Wolbachia 8"1 
wsp ~12§ J'F:JUB"J-~·ti t~Xf, ;ftgJ!T -*~~1fl%f, 
1ijij ~ T ~ Wolbachia 8"1 :itt ~ :It!!. fir , ::h :itt - tJ7 ;gJf JE 
~~~~xt~re~••!:tmB"J•~m~T~mo 
1.1 ~**~ 
~re~••B"J~•-r 2o11 :¥ 5 JJ*§~m-ffi 
~s, *~;fr!B~~~=~ c~ 1), ~±~.t!lm±1J::hmmtm;fJf, 
Quercus glandulifera var. brevipetiolata Nakai 0 * • 
B"J~•-r~m~#r:'i:-T~£k%pg~1f:,5JJ9=' , 
r~--~~~~o ~~B"J~~~~~~*Z..M~ 
m, ~1¥-T -40"C 8"11~fMr.{Jlcffi*fflo 
1. 2 ,~, DNA Jr..Jm:J:& 
lli7.~re~••3~W~~~*2o~1-~,~ 
~~* 10 ~1-1*, ~M!~Jj(~~' 1&5~1-~::hi!! 
fii?tJJU ~ ~ :'i: r ~ :fi 100 fLL STE g_l {1ft* (100 
mmoVL NaCl, 10 mmoVL Tris-HCl, 1 mmoVL 
EDTA, pH 8. 0) 8{] 1. 5 mL ~ 'L'~pg, ~~t.fbWE 
1JOA 10 fLL 10% 8{] SDS iJ\JfiJ]lt~Eil!fiJ K(20 mgl 
mL) 2 fLL, titE~t~~E 37"C:i:t;&o W1Jn 100 fLL EB 
PeL[~!$!= ~1/J= #LX:M = 25= 24= 1 c v= v= v) Hrom, 
5 000 r/min ~'L' 10 min, Jlj7._tfl'f*, 1JO 100 fLL PCL 
.fl}7Xtmm, 5 ooo r/ min ~'L' 10 min, Jlj7._tfl'f*, 1Jn 
10 fLL lJi~ ~ li*J ( 3 mol/L) ;fU 250 fLL ~ J.)( Z.. M T 
-20"C:i:f;&o 5"C 14 000 r/ min ~'L' 20 min, Jf:_t 
fl'f* o W1JO 75%~Z..Mt)t~, 5"C 14 000 r/ min ~ 
'L' 20 min, J¥ _tfl'f*, f"-~5110 50 fLL TE ~.lflft*m 
~' -4"C~;j¥o 
1. 3 Wolbachia Jr.] wsp ¥!lSI J:t ~Jr.] PCR jj :!fl.& 
~W!tl 
Wolbachia 8{] wsp £ 12§ ~ R 8{] t~ # '71 !1m 1J 
249 
52 "C 30 s, 72 "C 1 min , ~ 35 1-:f.i:Ff, 1Rf:Ff£S:!R5 
72"C ~f$ 7 min 0 
Jlj7. PCR r:t!frc!lm 5 fLL }~~~T 1. 0% B"Jf)J:~~­
~JJ3t, f&E:'i:T 0. 5 x TBE ~.lflft* qng17Jc, ft!ff.::fg 
70 V, ft!v:JcBtfElJ~"J 45 mino ft!1!5~~1-tZ..t£~ 
B, ~JJ3t~~-*~;J<&im~~~IZ§~w8"J:fr:J[;o DNA 7t 
-T:I:t'Ff'l!lm::h D2000 Marker( _t~7(*!:t!lm0J:fJ), 
~~-- Wolbachia ~~13'1'£XfP.~(Zhu et al., 2007), 
~~~Jt ::h I~J'Hi:Xf R~ o 
1. 4 Wolbachia 8"1 wsp ¥1lS!J:H~J¥9~i9!t€1)~3HJT 
~§B"J£12§~RB"JKRrc!lmOO~,~~.t'&E 
!§ pMD18-T ~f*J!t1:!, .fl}~1-t~UJ@~~::kJJmiffif 
Escherichia coli ~ , Ym~ ~S t:E:R;~, llif[tJLt:J~~ 3 1-:R; 
~. ~3't~~](~::k£12§:fr~0J:fJ:itt1-T~~ r!J!~fF o 45-
~l!-fr!J!~J'F 3 ~1-f:<$:, ~~-~!F:JU::hf'1L 
}A NCBI IXXJJT~r~··l'4ah!k Wolbachia 8"1 wsp 
£12§J'F;9tl, #~lj}tj Blast IJ't.:itt1-T-~·j1 t~$Xo 1! 
Jt1 Clustal X 2. 0 ~ f4 ~ :zjs: ;gJf 'Ji: ~ 1-¥} 8{] ff :Jtl ~ ~ 
GenBank ~~fm•• Wolbachia 8{] wsp £12§ :itt1-T ff 
::9tl%~fi~:Jtl 0 E8 -T~£1il,g~ 74 - 111' 214 - 252 
;fU 518 - 5841il 31-IKk~B"Ji*lf~~~-111¥:f£ltZ5<., 
~ P.~ Braig ~ ( 1998) ~ Rokas ~ ( 2002) , :(£ E ~ 8"1 
?:J-;ffil=j=lfi~~TJ! 3 1-IKk~ o 1!Jtl~f4 Model-Test 
3. nt:Itt1-t~~~liit:itt1-T%l~, t&m AIC ( Akaike 
Information Criterion)tjfl , lijij~ AIC ffi:fiifJ\B"J~Jt~ 
::h•«:~tt~~~ o ~*~~B"J£12§J'F~•m•A 
PAUP 4. 0 ~ 14, )'G Jtj . ::k fPJ. f& -7! (maximum 
likelihood, ML)lf;Ji:J!f~R§.~, ?&5*m Model-Test 
3. 7 •«:itt1-t~~ 8"1 Lset fi~:'i:iflt~~~. :itt1-T 
1 OOOlX § $f ~ttl ( bootstrap replication) , Jtj. ::k fPJ. 
f&~;ftgJ! ML -*~W o ~B;f, ~~ft~;9tl~B"J£12§}T;91j 
•m*Dtr A MEGA 5. o ~14, *m Kimura 's 2-
parameter ~~itJi:J!1~Re.~, t&m Model-Test 3. 7 
·~:itt~~~~~G~ma~-,:ittfi1000tX§$f 
~ttl, -f!ffl~~1ilif§J!.r!( neighbor-joining method) ;fJg 
J! NJ -*~l%f o 
wsp81F ( 5'-TGGTCCAATAAGTGATGAAGAAAC-3') 2 !j§"~ ~~*JT 
;fU wsp691R ( 5'-AAAAATTAAACGCTACTCCA-3') 
(Zhou et al., 1998) o PCR tf*f*-*::h 25 fLL, §j% 
18 fLL H2 0, 1 fLL ~~Ji DNA, 2. 5 fLL 10 x buffer, 
1 fLL dNTPs ( 2. 5 mmoVL), _t tlfj ;fnrtlfJ '71 !1m ( 10 
(moVL) 45- 1 fLL, 1 fLL Taq DNA ~itlfiJ(2. 0 U/ 
fLL) o r:t!f~141J 95"C jj)!~ ·ji 3 min , 95"C 30 s, 
2.1 ~~~1Ji!!l!ta9!H.~.&Jli1Hi•t!tt 
~re~•·B"J!:t!lm~M9alK~,~-&~~~ 
~~1J;fJf,., -'f 5Jjl=j=l~~~,7t~ft!!.{gj%fiffl;fn 
&Q o ~m•~~:¥*1£~m-ffim,*~,~~~ 
~m±1J:tr*~·*~~~~$X::hr~.~~1!!11!i~ 
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l¥1 ~ ~fN :til i$1 :l ~ -= ~, o Jt% 3:: :7g m lP3 ffQ ~ Quercus 
glandulifera var. brevipetiolata Nakai , tE ~ 3:: 119 *-~ 
1:trF _t r~**nlt~~-~.!E.~< oo 1) o 4lJ~~* 
~~~_ti19.!E_~.*ffi~K~:fll~ffi#M.!E.~I19.!E. 
~~?HJU:7g39.3±7.7 (mean±SD, n=3)~36. 6± 
2.7 (n=5):fll33.3±6.7 (n =4 ) 0 t£WJJ¥j-'f5~ 
_t~*-~119.!E,~,T5~~ ~ T~~~Jg}$t.!E, o 
*~13~ K~:fllt1~~13#MI19JIIIH1$?HJU:7g 15.3%, 
12. 1% :til 19. 8% U/f. 1 ) , :i:5J *mr.l±l ~ JIQ. 1191i4Hi tt 
iiiQ~ 0 
*1 ~f;£~-!l!f*F*a9~UIH~Ji!, Jl!tt£11~1:;.& Wolbachia a9~~$ 
Table 1 Collecting data, sex ratios, and Wolbachia infection rates in Andricus mairei populations sampled 
OJ<ItfHt~ *~:11!!. ~Jt(oN) ~~Jt(oE) *~a>ffiij !B.~~ Jll:.f$ ~:W!$(%) 
Population Code Collecting locality Latitude Longitude 
Collecting date 
Number of galls Female: male Infection rate 
(year-month-day) 
mm&JSB 13:72 100 ( ~ ) (10) § yy 29.22 113.06 2011-5-15 3 
Yueyang, Hunan ( 15. 3%) t 100(6)(20) 
mm*iY 20:145 100 ( ~) (10) cs 28. 12 112.59 2011-5.{)6 5 
Changsha, Hunan (12. 1%) 100 (6)(20) 
mm N~ JlB 16:65 80( ~)( 10 ) 
SY 27.14 111. 28 2011-5-12 4 
Shaoyang, Hunan (19.8%) 100( 6)(20 ) 
t :J1r Jll•i1:$ Percentage of females; § ffi% I*J~*ffi PCR tl}:i9!rj ~!B.~ Numbers in parentheses indicate the number of insects tested in PCR. 
Fig. 1 The gall and adult of Andricus mairei on 
Quercus glandulifera var. brevipetiolata 
A : ~lf<P a<J.'B.m Young gall ; B: nlt~.'B.~ Mature gall; C : Jllnlt.'B. 
Female adult ; D: ./$Jilt .'B. Male adult. 
2.2 ~~H~~-!1$~ Wolbachia ~~$ 
{51!ffl Wolbachia 119 wsp £~ 8M~#'3 1 !1m 81F :til 
691R , ?tfJUxtZ!i:~~~~ 3 #MJit!Enlt.!E. 10 ~~1*~ 
~nlt.!E. 20 ~~f*:itt1-T T PCR ~ili!U , :1:5]~1~ T Klt 
t"]]g 600 bp 119£~ Jt ,13[, iif~ T Wolbachia tEZ!i: ~ 
~~~f*~l19-~o ff~Jtfii19~-JIQ.~,*ffi~ 
K ~ .&. il~ ~13 # M Wolbachia 119 wsp £ ~ ff ;Ytl-f~:lt :1:5] 
:7g 561 bp, _§_Pf;Ytl7¥; 3t-3&, E.~3t GenBank B: 
mt, 1f*%:7g JN710456o 3 ~#MI19Jit!E~ ~nlt.!E.~, 
~*~13#MJit!Enlt.!E.119.~$:7g 80% Z.?'r, Jtft!!:I:5J:7g 






002 ~~~jj!!~ffi~B(YY), if:fY(CS), ~~~B(SY) 
f!Ptl¥ Wolbachia ~ wsp ~f51Jt §!:~ PCR tl~ 
Fig. 2 The PCR amplification of the wsp gene fragment of 
Wolbachia in Yueyang ( YY) , Changsha ( CS) and 
Shaoyang ( SY) populations of Andricus mairei 
M: DNA ?tT- Jt t~fl DNA molecular weight marker; DK: :m"*i$ 
Dryocosmus kuriphilus; NC : Jli3•11::Xt Jm ( Jj() Negative control (water). 
2.3 ~~H~~I@!l$~B~S!l$ Wolbachia a.g wsp ¥ 
~a.g,¥9lJ-~tt 
itffl NCBI IXXJ!itil19 Blast IA, xt~~~~~~ 
GenBank E.1f * 119 ~ ~ .&. Jt {f!! 1-t * •11: JB .!E.#~ 119 
Wolbachia 119 wsp £ ~ ff :Ytl :itt 1-T T - 3& 'li ?t fi ( :;& 
2:ltil 
2 ) o ~ J3Zj ~ m !!$ -ffi ~13 , K f& _& :g~ ~13 f!P fF Wolbachia 
EI"J wsp ~~ EI"JJ'f:JU%3t- l&, ~;l:t{tM~!!$ Wolbachia 
EI"J wsp ~~ EI"JJ'f:Jtl-l&·li~T 80%-95% Zfa); ~ 
Cynipini ~EI"J Neuroterus macropterus, Biorhiza pallida 
251 
fU Andricus solitarius ( strain 1 ) ~ _& Synergini ~ EI"J 
Synergus crassicomis ~~EI"J Wolbachia B"JJ'f:Jtl - l&t!: 
:/fl~, 1>;95% ; ~ Synergini ~EI"J Ceroptres cerri EI"J-
l&•t't:lfl{f£ ' {J..1>;80% 0 
* 2 ~~gc-~~B~-~ Wolbachia a<] wsp ~12Sl~9Ua<J-~t:H~~ 





Andricus mairei 561 
Callirhytis glandium 594 
Synergus gallaepomiformis 588 
Andricus solitarius strain 1 564 
Biorhiza pallida 564 
Neuroterus macropterus 564 
Synergus crassicomis 564 
Andricus solitarius strain 2 573 
A. solitarius strain 3 576 
Synergus diaphanus 576 
Syne1gus reinhardi 576 
Synergus umbraculus 576 
Plagiotrochus quercusilicis 546 
Dryocosmus ku1iphilus 573 
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CP : }j![];!YJ'Iil)[il$1:_:!i[ Cylicparthenogenesis ; A: f'~l)[JI$1:-.:!i[ Arrhenotoky; T : f'JIUll.JI$1:-.:!i[ Thelytoky; * : ~ft:1'1f'~l)[J!f£1:_:!i[ , :;llk~:1g)j![J WJ 
•/1:l)[Ji$1:_:!i[:;fH~iilf~ Not known whether there exists CP. 
{~Jij MEGA ~{lj:Jij NJ :/f7*fn{~Jij PAUP ~{lj: 
Jij ML :/f7*7HJ~#JJ!7 *~~lf:W o ~1H~EI"J NJ fU 
m*~:W~-®~EI"J%~~~~-~#z* . = 
~~*-l&.~W*~~fJ..~ili7 NJ *~:W(00 
3) o § 1!1 4 EI"J NJ * ~:WPJ ffi, ~ Synergini ~ EI"J 
Ceroptres cerri ~ r B fF ( B group) z ?rr , ~!!$~~ i3"J 
Wolbachia ~~T A f:f(A group) 0 ~J3Zj~~~~ 
Cynipini ~ N. macropterus, B. pallida fU A. 
solitarius ( strain 1 ) _& Synergini ~ S. crassicornis ~ 
~EI"J Wolbachia ~iJ~Fit]-%~o 
* ~ ~ ii tt Wolbachia ?rr HJH§: E1 ~ ~ wsp Et9 
~Rr~RJ'f~%~~~7~J3Zj~··-ffiffi , Kf& 
_&:g~~l3~fFJ[ijE, ff4En!L~~~~ Wolbachia EI"J~~. 
~:g~~13~MM1t~.!±!.EI"J~~-*1'18o% z?rr, ::t:tfm~1'1 
100% , ..13.?Jfr~tl wsp ~~J'f:Jtl%3t-l&o ~T wsp ~ 
~$%J'f~#JJ!7::t:t*~~lf:W. ~ J3Zj~· !f$ 
Wolbachia ~ T A fF, ~ Cynipini ~ EI"J N. 
macropterus , B. pallida fU A. solitarius ( strain 1 ) ~ 
_& Synergini ~EI"J S. crassicornis ~~EI"J Wolbachia ~ 
iJ~FitJ-%~ o 
m~~~-!1$~~.!±!.~~~ - ~~~%4~~ 
~~%~*flr%~EI"J.!±!.~.Bffif!P~~ 1000 flr, 
% ~ 26 ~ ' .± ~ 'i )J!ij m 'li mt • 1: m ( cyclical 
parthenogenesis) Mf*t!t{-t)(~( heterogony) , ~P~'Ii 
t!t{"tfn:JC'Iit!t1"t3(~~1: (Askew, 1984; Ronquist, 
1999a, 1999b; Pujade-Villar et al., 2001; Stone et 
al.' 2002) 0 ~-~?rr' ~~~m § EI"Jj!!!Jlt' FitJm § 











Trichogramma semhlidis AF245162 
Ephestia kuehniella AF07l9ll 
Andricus mairei JN7l0456 
Andricus soHtarius strain 1 AY095153 
Biorhiza pallida AF339629 
Glossina morsitans AF020079 
Neuroterus macropterus AY095152 
Synergus cra.ssicornis A Y095154 
Ca.llirhytis glandium A Y095156 
Drosophila melanogaster AF020063 
Synergus ga.llaepomiformis A Y095155 
Andricus soHtarius strain 2 A Y095151 
Andricus soHtarius strain 3 AY095150 
Drosophila simulans AF020068 
Synergus diaphanus A Y095148 
Synergus reinhardi AY095147 
Synergus umbraculus A Y095149 
Dryocosmus kuriphilus DQ493720 
Plagiotrochus quercusilicis A Y095158 
Apoanagyrus diversicornis AF07l916 
Ceroptres cerri A Y095157 




1!13 2le;:;~~~.!::j;lt{i!!.~~ Wolbachia i11J wsp ~i!JJ¥37tii19*~:i!!:1t** 
Fig. 3 Phylogenetic relationship of wsp gene sequences of Wolbachia in Andricus mairei and other gall wasps 
?fxla.Ji¥Jn'¥fti1!i'f 1 000 iJI:§-\¥;!tllltli¥J bootstrap ffi ; )W\ f* ff,'Jiil~'Lf!jt~o Numbers above branches are bootstrap values computed from 1 000 
replications. Host species in bold are gall wasps. 
~-~Hgm§~~-,~~~~~Wfi~AAtt~ 




~1¥1:£, llP-®f!P~ 1 ~I*J;ltJJX;~'t':t:-~·ii~HilfflJ 
AA, 1 ~~~21"t(Askew, 1984) o {.§.~, ~:ff-® 
••~~f!P~&~~tt~~.*fi~JIIl~JIIl~m 
( Liljeblad and Ronquist, 1998; Ronquist, 1999a) o 
Abe(1986)H Stone ~(2002)fti!JltlJ!®~~~~Jilf£ 
~JIIl~m:f~~PJfm~ Wolbachia ~fr~~ '!k, ~ 
Wolbachia ~~n[li]rm Ji¥'3&:ff·li~m~1-t ~~~o 1:E 
··~ l=j=t , B iiE ~ ~ 7 f!P ~ ~ Wolbachia ( Abe and 
Miura, 2002; Rokas et al., 2002; Zhu et al., 2007) o 
~rm, Rokas~( 2001, 2002) ~&f1f:Jl~.7f.-®~~ 
Wolbachia ~ •• ~ ~ ~, :tm Andricus solitarius, 
Biorhiza pallida ~ Callirhytis glandium, 1JJ~ff4£·1i~ 
f*-~ tl:\ :EJI', 0 Abe ~ Miura ( 2002 ) iiE ~ T Andricus 
mukaigawae, Zhu ~(2007) iiE~T~··f*I*J:f¥1:£ 
Wolbachia, {.§. Wolbachia ~~~~:@.i:~~JilfE~JIIjE 
~m*~'*~o *&F1t*~~~~~••3~m~ 
~:f~TJIIlh:l)JX;~, PJJ]i!. Wolbachia ~fr~**lJ~Ji¥' 
~fi~JilfE~JIIjE~:JJ[o 
fr~lif Wolbachia x'fll" ~?1}J!fo/J~:J11:!ilif:i!1!!~lft!fl 
~:JJJ:\~i%Jil':@.i:~Jff!!EJ:~~~( Stouthamer et al., 
1999) o ~~~~h:t~(P + )~*~~~JIIl~(M.) 
~~M.~~PX;~*~@i*~-~.~MOO$ffli* 
~o-~ffli*!fo/Jflf*~~Ji¥'3&MOO~~~.ffi~~ 
~o.~mm § ~tt·!i$fflJIIl·!i~ 1fH*-~!fo/JfiP*i3t. :i! ® 
MOO·~-JJX;~•tt.~~-~-EJ:~~~ 
( unidirectional cytoplasmic incompatibility ) 
(Stouthamer et al., 1999) 0 :f~~~. EB~ Wolbachia 
~groj}§£9J:fr~ if, ~ Wolbachia i%Ji¥' ~-~ Jff!!EJ:~ 
~~rm~~~$1!-~ 1ifi*!fo/J~ ~n:t·ii~i*m~~ 
'liffif~o ~)tp, ~~~~f** Wolbachia ~-~. 
pX; .!R, ;<: j'Ei] :ff 1:£ ~ ~ )}§ [9]: ~ ~ ~ ( bidirectional 
cytoplasmic incompatibility ) :EJI', ~ ( W erren, 1997 ; 
Stouthamer et al., 1999; Werren et al., 2008), ~~ 
2:ltil 
*tf ~PI~~~ 3& -=f 1~ 100% j]. •ti ( Breeuwer and 
Werren, 1990) 0 Dalla Torre*" Kieffer (1910):x;J* 
-~~~~--~~8*fiTM~.~~~8*• 
~1J•tt·*~~m~~•ttm~%~%~~~~ 
~-o Weld (1952)0)\j:jiJJ!*§&r::J~~~~·· 
6*~~~&~1*J[ijEfio ~m*•~~~~•• 
~~,*~H@~#W1J~~ttilift.~~-tt~ 
1*-ZJ)\~-·ti~f*. 1EJ.:tt·tit~f9tl:f0:ft 80% ~Lt, EjJE 
~~-~~~o ~#•tt~FmM~~~-.~~ 
~-Jffitll"J19:~!Jm(Werren, 1997; Stouthamer et al., 
1999; Werren et al., 2008) , ~ ~ 8. f-4l:% ~ 
( Plantard et al., 1998; Plantard et al., 1999; Rokas 
et al., 2002) :10~/F'Iit ~~o »~Z., ~~~~-~ 
~#tt·t!ft~liVJtM~~:r_m·~~llM'JIJ:I§~? ~~!j 
~J[ijE, .£1;:f0~t3t~J@~$~ Wolbachia ~*( ~lliJ§ 
~X£tn1lli!!J!JJ:/F**")? ~.®t~~~*-?tf5rHt o 
~* ~~~~~~#~k*~*~*~~~~~ 
JIJJW:-;tAJi.4h#~, il~i#~ o 
~~X.~ (References) 
Abe Y, 1986. Taxonomic status of the Andricu.s mukaigawae complex and 
its speciation with geographic parthenogenesis ( Hymenoptera: 
Cynipidae) . Appl. Entomol. Zool., 21 : 436 - 447. 
Abe Y, Melika G, Stone G, 2007. The diversity and phylogeogmphy of 
cynipid gallwasps ( Hymenoptera: Cynipidae) of the oriental and 
eastern Palearctic regions , and their associated communities. 
Oriental In.sects, 41 : 169 -212. 
Abe Y, Miura K, 2002. Does Wolbachia induce unisexuality in oak gall 
wasps? ( Hymenoptera: Cynipidae). Ann. Entomol. Soc. Am., 95: 
583 -586. 
Askew RR, 1984. The biology of gall wasps. In: Ananthakrishnan TN 
ed. The Biology of Galling Insects. IBH Publishing Co., New Delhi. 
223 -271. 
Atkinson RJ, McVean GAT, Stone GN, 2002. Use of population genetic 
data to infer oviposition behaviour: species-specific patterns in four 
oak gall wasps ( Hymenoptera: Cynipidae) . Proc. R. Soc. Lond. 
B, 269: 383-390. 
Bouwma AM, Ahrens ME, Debeer CJ, DeWayne Shoemaker D, 2006. 
Distribution and prevalence of Wolbachia in introduced populations 
of the fire ant Solenopsis invicta. Insect Mol. Biol., 15: 89 -93. 
Braig HR, Zhou WG, Dobson SL, 0' Neill SL, 1998. Cloning and 
characterization of a gene encoding the major surface protein of the 
bacterial endosymbiont Wolbachia pipientis. ]. Bacte1iol. , 180: 
2373 -2378. 
Breeuwer JAJ, Werren JH, 1990. Microorganisms associated with 
chromosome destruction and reproductive isolation between two 
insect species. Nature , 346 : 558 -560. 
Dalla Torre KW von , Kieffer JJ, 1910. Cynipidae. In: Schulze FE ed. 
253 
Das Tierreich. Ein Zusammenstellungund Kennzeichnung der 
rezenten Tierformen. Vol. 24. Lieferung Hymenoptera. R. 
Friedllinder und Sohn. Berlin. xxxv + 891 pp. 
Hebe1t PD, 1987. Genotypic characteristics of cyclic parthenogens and 
their obligately asexual derivatives. Exp. Suppl., 55: 175 - 218. 
Hoy MA, Jeyaprakash A, Alvarez JM, Allsopp MH, 2003 . Wolbachia is 
present in Apis mellifera capensis, A. m. scutellata, and their hybrid 
in Southern Mrica. Apidologie, 34 : 53 - 60. 
Jeyaprakash A , Hoy MA, 2000. Long PCR improves Wolbachia DNA 
amplification: wsp sequences found in 76% of sixty-three arthropod 
species. Insect Mol. Biol., 9: 393 -405. 
Kieffer JJ, 1906. Description d. un genre nouveau et deux especes 
nouvelles. Marcellia, 5: 101 -110. 
Leach IM, van de Zande L, Bolhuis H, Beukeboom LW , 2004. No 
microbial endosymbionts associated with parthenogenesis in Venturia 
canescens ( Hymenoptera: Ichneumonidae ) . Proc. Exp. Appl. 
Entomol. Nev., 15: 119 -122. 
Liljeblad J , Ronquist F, 1998. A phylogenetic analysis of higher-level 
gall wasp relationships (Hymenoptera: Cynipidae). Syst. Entomol., 
23 : 229 -252. 
Lo Verde V, van Lenteren JC , Smid HM, Jong PW , Carrillo CIC, 
Caleca V , 2008. External and internal elimination of supernumerary 
larvae in the whitefly pamsitoid Eretmocems mundu.s Mercet 
(Hymenoptera: Aphelinidae) . Biol. Control, 46: 287 - 292. 
Melika G, Abrahamson WG , 2002. Review of the world genera of oak 
cynipid wasps ( Hymenoptera : Cynipidae: Cynipini ) . In: Melika 
G, Thuroczy CS eds. Parasitic Wasps: Evolution , Systematics, 
Biodiversity and Biological Control. Agroinform, Budapest, 
Hungary. 150 -190. 
Ngi-Song AJ, Overholt WA, Stouthamer R, 1998. Suitability of Bu.sseola 
fusca and Sesamia calamistis ( Lepidoptera: Noctuidae ) for the 
development of two populations of Cotesia sesamiae ( Hymenoptera: 
Braconidae) in Kenya. Biol. Control, 12 : 208 - 217 . 
0' Neill SL, Pettigrew MM, Sinkins SP, Braig HR, Andreadis TG, Tesh 
RB , 1997. In vitro cultivation of Wolbachia pipientis in an Aedes 
albopictu.s cell line. Insect Mol. Biol., 6: 33 -39. 
Pijls J, Steenbergen HJ, Alphen JJM, 1996. Asexuality cured: the 
relations and differences between sexual and asexual Apoanagyru.s 
diversicomis. Heredity, 76 : 506 -513. 
Plantard 0, Rasplus JY, Mondor G, Le Clainche I, Solignac M, 1998. 
Wolbachia-induced thelytoky in the rose gallwasp Diplolepis 
spinosissimae ( Giraud ) ( Hymenoptera: Cynipidae ) , and its 
consequences on the genetic structure of its host. Proc. R. Soc. 
LonJ. B , 265: 1075 -1080. 
Plantard 0, Rasplus JY, Mondor G, Le Clainche I, Solignac M, 1999. 
Distribution and phylogeny of Wolbachia inducing thelytoky in 
Rhoditini and 'Aylacini' ( Hymenoptera : Cynipidae ) . Insect Mol. 
Bioi., 8 : 185 -191. 
Pujade-Villar J, Bellido D, Seg G, 2001 . Current state of knowledge of 
heterogony in Cynipidae (Hymenoptera : Cynipoidea) . Ses. Entom. 
ICHN-SCL, 11 : 87 -107 . 
Rincon C, Bordat D, Lohr B , Dupas S , 2006. Rep1·oductive isolation 
254 ff:..!H.$:* Acta EntoTTWlogica Sinica 55~ 
and differentiation between five populations of Cotesia plutellae 
( Hymenoptera: Braconidae ) , parasitoid of Plutella xylostella 
(Lepidoptera: Plutellidae). Bioi. Control, 36: 171 -182. 
Rokas A, Atkinson RJ, Brown GS, West SA, Stone G, 2001. 
Understanding pattern of genetic diversity in the oak gall wasp 
Biorhi.za pal/ida: demographic history or a Wolbachia selective 
sweep? Heredity, 87: 294 -304. 
Rokas A, Atkinson RJ, Nieves-Aldrey JL, West A, Stone G, 2002. The 
incidence and diversity of Wolbachia in gall wasps ( Hymenoptera: 
Cynipidae) on oak. Mol. Ecol., 11: 1815 -1829. 
Ronquist F, 1999a. Phylogeny, classification and evolution of the 
Cynipoidea. Zool. Scr., 28: 139 -164. 
Ronquist F, 1999b. Phylogeny of the Hymenoptera (Insecta) : the state 
of the art. Zool. Scr., 28 : 3 - 11. 
Stone GN, Cook JM, 1998. The stmcture of cynipid oak galls : patterns 
in the evolution of an extended phenotype. Proc. R. Soc. Lond. B, 
265: 979 -988 . 
Stone GN, Schonrogge K, Atkinson RJ , Bellido D, Pujade-Villar J, 
2002. The population biology of oak gallwasps ( Hymenoptera: 
Cynipidae). Ann. Rev. Entomol., 47: 633-668. 
Stouthamer R, Breeuwer JAJ, Hurst GDD, 1999. Wolbachia pipienti.s : 
microbial manipulator of arthropod reproduction. Annu. Rev. 
Microbial., 53: 71 -102. 
Stouthamer R, Kazmer DJ, 1994. Cytogenetics of microbe-associated 
parthenogenesis and its consequences for gene flow in Trichogramma 
wasps. Heredity, 73 : 317 - 327. 
Suomalainen E, Anssi S, Lokki J , 1987. Cytology and Evolution in 
Parthenogenesis. CRC Press, Boca Raton, Florida. 216 pp. 
Tang CT, Melika G, Yang MM, Nicholls JA, Cs6ka G, Stone GN, 
2009. First record of an Andricus oak gall wasp from the oriental 
region: a new species from Taiwan (Hymenoptera : Cynipidae : 
Cynipini) . Zootaxa, 2175: 57-65. 
Vavre F, Fleury F, Lepetit D, Fouillet P, Bouletreau M, 1999. 
Phylogenetic evidence for horizontal transmission of Wolbachia m 
host-parasitoid associations. Mol. Biol. Evol., 16: 1711 - 1723. 
Weinbauer MG, Rassoulzadegan F, Fereidoun, 2004. Are viruses 
driving microbial diversification and diversity? Environmental 
Microbiology , 6 : 1 - 11. 
Weld LH, 1952. Cynipoidea ( Hym.) 1905 -1950. Privately published. 
Ann Arbor, Michigan. 351 pp. 
Werren JH , 1997. Biology of Wolbachia . Annu. Rev. Entomol., 42: 
587 -609. 
Werren JH, Baldo L, Clark ME , 2008. Wolbachia: master manipulators 
of invertebrate biology. Nat. Rev. Microbial., 6: 741 -751. 
Werren JH, Windsor DM, 2000. Wolbachia infection frequencies m 
insects: evidence of a global equilibrium? Proc. R. Soc. Lond. B, 
267: 1277 -1285. 
Werren JH, Windsor DM, Guo LR, 1995. Distribution of Wolbachia 
among neotropical arthropods. Proc. R. Soc. Lond. B, 262: 197 -
204. 
West SA, CookJM, WerrenJH, Coderay HCJ, 1998. Wolbachia intwo 
insect host-parasitoid communities. Mol. Ecol., 7: 1457 -1465 . 
Zhong M, Shen ZR, 2004. Infection of the endosymbiont Wolbachia in 
population of Trichogramnm evane.scens in China. Acta Entomologica 
Sinica, 47(6 ) : 732-737. [ #fl.OC, ttfli:iJl., 2004. Wolbachia i£ 
~IN):!JFH~~#:!ffi*JEJ<Jill,ll;~. ECE.l.~11L 47(6) : 732 - 737] 
Zhou W, Roussel F, 0 ' Neil SL, 1998. Phylogeny and PCR-based 
classification of Wolbachia str-ains using wsp gene sequences. Proc. 
R. Soc. Lond. B, 265: 509-515. 
Zhu DH, He YY, Fan YS, Ma MY, Peng DL, 2007. Negative evidence 
of parthenogenesis induction by Wolbachia in a gallwasp species, 
Dryocosmus kuriphilus (Hymenoptera: Cynipidae). Entomol. Exp. 
Appl., 124 : 279 - 284. 
